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The restricted optical sum rule and its dependence on the temperature, 
a superconducting gap and the cutoff energy have been investigated. 
As known this sum rule depends on the cutoff energy and the 
relaxation rate ( )TΓ  even for a homogeneous electron gas interacting 
with impurities or phonons. It is shown here that additional 
dependence of the spectral weight on a superconducting gap is very 
small in this model and this effect disappears totally when 0=Γ . The 
model metal with a single band is considered in details. It is well 
known that for this model there is the dependence of the sum rule on 
the temperature and the energy gap even in the case when 0=Γ . This 
dependence exists due to the smearing of the electron distribution 
function and it is expressed in the terms of Sommerfeld expansion. 
Here it is shown that these effects are considerably smaller than that of 
related with the relaxation rate if the band width is larger than the 
average phonon frequency. It is shown also that the experimental data 
about the temperature dependence of the spectral weight for the high-
 materials can be successfully explained in the framework approach 
based on the temperature dependence of the relaxation rate. 
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                                                 1.  Introduction. 
 
 The general optical sum rule has been derived by Kubo1 and can be written as 
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where ( )ωσ1  is the real part of the optical conductivity,  is the total electron density and m  
is the bare electron mass. The spectral weight W does not depend on the temperature and any 
details of the electron structure. Recently a number of papers both experimental
n
2-8 and 
theoretical9-15 ones have been published concerning the optical sum rule and a possible 
violation of this sum rule in high superconductors. cT
 The real measurements of  ( )ωσ1  can be done only in a finite interval of energies up to 
some cutoff value . Corresponding restricted sum rule has the form cΩ
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)  can be now a function of the temperature ( cTW Ω, T , the superconducting gap  and the 
cutoff energy . Experimental investigations of high- superconductors
∆
cΩ cT
2-8 and the 
conventional metal gold8 have demonstrated that the value  depends indeed on the 
temperature and the cutoff energy . This dependence can be presented for the normal state 
in all investigated cases as
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The coefficient  decreases with the increase of the cutoff energy but it is non equal 
zero even up to 
( cB Ω ) cΩ
plc ω≈Ω , where plω  is the plasma frequency of electrons defined by the 
condition ( ) 01 =ωε  and ( )ωε1  is the measured real part of the dielectric function. There is 
some contradictive evidence about the behavior of the spectral weight  in the 
superconducting state of high temperature superconductors (HTSC)
( TW c ,Ω )
 2-8. That concerns the 
conventional superconductors there is the well-known Ferrel-Glover-Tinkham (FGT) sum 
rule 16-18 which requires that the spectral weight lost , when a metal passes from a normal 
to a superconducting state, must be retrieved in 
W∆
δ - function centered at zero frequency. This 
δ - function defines the contribution of the superconducting condensate. It is usually 
believed18 that the FGT sum rule is satisfied in conventional superconductors at 
. ( )∆−≈Ω 64c
   It is easy to understand the main peculiarities of the spectral weight  considering 
the model of the homogeneous electron gas interacting with some intermediate bosons. We 
can write Eq. (2) for  in the form  
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It follows from this expression that the properties of the restricted sum rule depend on the 
behavior of the conductivity at considerably high energies. It is easy to show13 that for 
( )  (ωω ,2∆>> ω  is some average boson frequency) the conductivity ( )ωσ1  can be written 
as 
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This expression can be derived in the framework of the Eliashberg equation19 for isotropic 
pairing as well as for anisotropic pairing due to spin fluctuations20.  Here the numerical 
coefficient α  is the order of the unity and it is included to take into account the possible 
averaging of an angular dependence of the gap function and 2∆ is some average square gap. 
The conductivity of the normal state  can be written in the considered model as( )ωσ N1 13
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Here ( T,∞= )Γ ω  is the relaxation rate due to the interaction of electrons with bosons. Using 
Eqs.(4-6) we can write expression for the optical weight as  
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This expression shows that the FGT sum rule is satisfied in the absence of the relaxation in 
the system such as BCS model at any value of . Moreover, we see that there is no any 
direct contribution to the FGT sum rule from the superconducting gap. This contribution is 
multiplied by the factor 
cΩ
cΩ
Γ  which has usually additional smallness. It was shown in our 
preceding work13 that the relaxation rate for discussed system demonstrates the quadratic 
dependence on the temperature in the interval temperatures . This 
temperature dependence of the deviation of the spectral weight from the valueW  well 
described the experimental data obtained for convention metal  and even for high-  
KTK 300100 ≤≤
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superconductors. The main part of the theoretical works concerning the restricted optical sum 
rule has been based on the consideration not of the homogeneous electron gas but for one 
band model. The main goal of this our work is to study in the details the restricted optical 
sum rule for a one band model  where there is a strong interaction of electrons with some low 
energy bosons.  
 
 
                                      2. The deviation of basic equations. 
 
 As we have mentioned before the restricted optical sum rule has been investigated 
recently for band electrons. Moreover, it was proposed that there is one conducting band 
which is well separated from other bands by a rather large interband gap  which is larger 
than the corresponding band width ( ). The Hamiltonian of such system in the presence of 
uniform electromagnetic field can be written as 
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Here is the electromagnetic potential and , are creation and annihilation operators 
for electrons, 
A +σpa σpa
( )λ,qg   is the matrix element of electron-boson interaction and ,   are 
bosons creation and annihilation operators. The operator presents interband transitions.   
+
λqb λqb
erH int
The role of interband transitions in the system with a strong electron-phonon interaction 
(EPI) has been discussed by Holstein21. It was shown that the interband transitions can be 
neglected in the first approximation if the interband gap is larger than the band width  
and all characteristic energies of the electron-phonon system. 
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 We can expand the kinetic term of the Hamiltonian (8) as a power series in and get A
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Now we can write the current operator as 
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The first term on the right side of Eq. (12) is the paramagnetic current and the second one is 
the diamagnetic contribution. By evaluating αj  in linear response
21,22 and taking its Fourier 
components, we obtain the complex optical conductivity 
                                       ( ) ( )[ ωδωωσ αααααα Π++= dKi
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Here dK diamagnetic response kernel and ( )ωααΠ is the current-current correlation function. 
The real part of the optical conductivity can be written as 
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The Eqs.(11) and (12) are written in the assumption that the system under consideration has a 
cubic symmetry but it is not so important for the future discussion and we shall omit 
coordinate indexes below. The optical sum rule can be written now as 
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If we consider the case when the cutoff energy is larger than the band width  but 
smaller than  we can change the upper limit in Eq. (13) on . Remembering, that 
the current-current correlation function 
cΩ bW2
gE ∞→Ωc
( )ωΠ  satisfies the Kramers-Kronig relation 
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we shall immediately get that 
                                  ( ) ( ) p
p
p n
p
eKedTW d
c ∑∫ ∂
∂
===
Ω
2
2
22
0
1 2 α
α
ξ
π
π
ωωσ                                (15) 
This answer is true for the case  both for normal and superconducting states. Here 
 is the electron distribution function which should be calculated taking into account the 
interaction part of the Hamiltonian (8) related with the electron-phonon interaction (EPI). 
bc W>Ω
pn
 The mean part of works9-12,14,15 about the restricted optical sum rule used namely Eq. (15) 
for all discussions about the violation of the optical sum rules and their dependence  on the 
temperature, superconducting gap, etc.. We should mentioned , however, that the  
experimental data demonstrated unambiguously the dependence of the spectral weight on the 
cutoff energy up to considerably  high values of both in the ordinary metalscΩ
8 and in high-
 systemscT
2-8. We shall return to the discussion of this problem a little later but now we 
consider the case when . bc W>Ω
 Firstly, we would like to mention that for a normal state of metals there is the identity 
                                                                                                                       (16) ( )0Π−≡dK
It can be proved in the general case using the Green functions approach and the Word 
identity15,22. We shall not do that here but we shall show below that the identity (16) is 
satisfied in our one band model with isotropic EPI. Taking in to account Eq. (16) ( )ωσ1  can 
be written as 
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In the framework of the thermodynamical theory of perturbations the function ( ni )ωΠ  has 
the form 
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where  is temperature and T ( 12 += nTn πω . The factor 2 in this expression is the result of 
the summation over the spins. Here ( niG )ω,p  is the electron Green function which is equal 
                                                                                              (19) ( ) ( nnn iiiG ωξωω Σ−−=− pp,1 )
)where ( niωΣ  is the electron self energy which should be calculated using the Hamiltonian 
(8). It is well known that the vertex correction function can be neglected for isotropic EPI. 
The expression (18) for the ( ni )ωΠ  can be easily analytically continued on the real ω  axis 
using the electron spectral density 
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and the electron Green functions spectral representations22. Then one can obtain 
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Here ( )ωf  is the Fermi distribution function. The electron distribution function in Eq. 
(15) can be also expressed in terms of 
pn
( )ω,pA  
                             
                                                     =                                                      (22) pn ( ) ( ωξωω ,pAfd∫∞
∞−
)
Now we show that the identity (16) is satisfied exactly in our model. We shall write for this 
goal  as  ( )0Π
                                               ( ) ( )∫∞
+
Π
=Π
0
Im20
ω
ω
ω
π
d =                            
                 ( ) ( )[ ] ( ) (∫∫∑ ∞
∞−
∞
+
+′′+′−′′⎟⎟⎠
⎞
⎜⎜⎝
⎛
∂
∂
−= ωωωωωωω
ω
ωξ ,,4
0
2
pp
pp
p AAffdd )                        (23) 
Using the electron Green functions spectral representations this expression can be reduced to  
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and taking into account the Eq. (19), one obtains 
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The next step consists in integrating per part on the momentum p  and get 
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Comparing (26) and (15) we see that the identity (16) is indeed satisfied exactly in 
the considered model. 
.Eq .Eq
 Before proceeding to the detailed investigations of the restricted optical sum rule in one 
band approximation we should mention one distinction of this model from the homogeneous 
electron gas. As it was pointed by van der Marel10,11 the spectral weight (15) can depend on 
the temperature both in the normal and superconducting states even in absence of any 
relaxation. We can write the expression for  using (15) as ( )TW .Eq
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Here  is the Fermi distribution function for normal state pf
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( µ  is the chemical potential). Correspondingly, for a superconducting state the distribution 
function has the form22 
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where  is the diagonal matrix element of the electron Green function in BCS  
approximation and 
( )ω11BCSG
( ) 22 ∆+−= µξppE  is the quasiparticle dispersion in the 
superconducting state. The temperature dependence of  in the normal state comes from 
the temperature smearing of the Fermi function and it can be easily evaluated using so-called 
Sommerfeld expansion. The simple estimation gives us 
( )TW
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where β  is some numerical coefficient. This result resembles with the experimental 
observation of the temperature dependence of . However, as it was emphasized in the 
works
( )TW
8,15 that there is only the quantitative analogy between the experimental data and the 
result obtained in one band approximation for  noninteracting electrons. The measured value 
of the coefficient B  characterizing the temperature dependence of  is at least one order 
of magnitude larger than expected from Eq. (30). This result have been obtained in the 
works
( )TW
8,15 using the value of the band width 2  taking from the ARPES measurements of 
the Fermi surface in cuprates. This approach, from our point of view
bW
23, leads to 
underestimating the value . It means that the real disagreement between experimental data 
about  and noninteracting electron result for one band model could be even larger. The 
temperature dependence of  in a superconducting state is related with the smearing of 
the distribution function (Eq. (29)) with the increasing of the superconducting gap ∆ . It 
results to decrease  with decreasing T  in superconducting state. The absolute value of 
this decreasing of  is also small as the ratio
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effects existing due to the change of the relaxation rate can be much large than which have 
been discussed above even at . cTT <
  
       
                      3.  Electron-phonon interaction in one-band model. 
 
 
 Using the Hamiltonian (8) and neglecting interband transitions the equation for the 
electron self-energy ( ni )ωΣ  can be writing as24  
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where impγ  is the relaxation rate due to electron scattering on impurities,  is the 
Eliashberg spectral function and 
( ) ( )ωωα F2
( )ξbN  is the bare band electron density of states. In a 
superconducting state  ( ni )ωΣ  and Green's function ( niG )ωξ ,k  are matrices in the Nambu 
matrixes space. Further we shall present explicitly the expressions for normal state only. The 
analytical continuation Eq. (31) on the real axis for this case can be written as  
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 The imaginary part of the function )(ωg  gives the electron density of states in the interacting 
system. Usually the function ( )ωωZ  is presented in the form 
                                            ( ) ( )[ ] ( )ωωλωωω Γ++= iZ 1                                                            (37) 
where ( )ωλ  and  define the mass renormalization and the relaxation rate, 
correspondingly. The constant of EPI 
( ) ( )ωτω 1−=Γ
λ   is expressed as ( )0phKπλ = . Eqs. (34) - (35) should be 
solved selfconsistently. This procedure is closely similar with that of used in coherent potential 
approximation (CPA) in the theory of disordered metals25. For not too narrow bands 
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characteristic energies of phonons and electrons, correspondingly, and ( bF W,~ εξ ). In this 
energy region ( ) ( )µξ bb NN ≈  and the function ( )ωg  can be changed with accuracy ( )ξωωZ  
on the bare band function ( )ωbg  or in the limit  (∞→bW 0→
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function ( ) ig ≈ω0 . Now the solution can be obtained in the form which is well known from the 
investigations of the model of homogeneous electron gas21
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The behavior of the function ( )ω0Z  is also well known and can be presented at phT Ω<<,ω  as 
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It leads to renormalization of the bare band effective mass  bm
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and, correspondently, to increasing of the low temperature electron specific heat 
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 The main feature of the one-band model with EPI can be understood from the solutions of 
Eq. (34) for the cases of the impurity scattering and for EPI at high temperatures  
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To find these solutions we shall use the Hubbard ellipse model25 for the band electron density of 
states per spin 
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which has been used successfully in the investigations of the disordered metals26.  
 In accordance with condition (42) ( ) nmmn ii δωωλ ~−  Eq. (34) has the form 
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The electron interaction is characterized in Eq. (44) by a single parameter Γ  which is equal impγ  
for the elastic scattering on impurities and is equal Tλπ  for the EPI. We consider metals with 
the electron-hole symmetry which means that ( ) bF WT === 0µε  and the chemical potential µ  
does not depend on the temperature. The band function  for any complex argument ( )zgb z  can 
be written as 
                                 ( ) ( )∫∞
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The expression for the function ( )ωg  has now the simple form ( ) ( )( )ωωω Σ−= bgg  which leads 
to the expression for ( )ωΣ  as 
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Solving this equation we get 
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It is easy to see from the Eq. (49) that the electron mass determined by elastic scattering or EPI 
 decreases as *elm
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This result comes from the fact that the elastic scattering of electrons in a finite band leads to the 
expansion of the band due to a finite electron life time ( )pξτ . It leads in its turn to the smearing of 
the electron density of states which diminishes the electron mass as 
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where ( )TΓ  is of order of the maximum of the relaxation rate   for the band electrons. This 
behavior is very distinct from that of obtained for the mass renormalization determined by 
inelastic EPI at low energies and temperatures ( Eq. (40)). 
 The result given by Eq. (50) was obtained from the approximation solutions Eqs. (34), 
(35) at the condition (42). We show now that the approximate solution for the selfenergy (44) 
can be applied in the case 1<<⎟⎠
⎞⎜⎝
⎛Ω
b
ph
W  even for all temperatures using the special expression 
for the relaxation rate  
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 We have confirmed this fact by the numerical solutions Eqs. (34), (35) for different forms of 
Eliashberg functions. 
 On Figs. 1-3 the results of this selfconsistent solution are shown. We have used for the 
calculations shown on Figs. 1, 2 the function  taking from the work( ) ( )ωωα F2 13 with 5.1≈λ ., 
the average phonon frequency  , the band width , and Kph 300≈Ω
1410*22 −= smWb 0=impγ .  
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The approximate solution and the result given by Eq. (40) are also shown on Figs. 1, 2. It can be 
seen that the numerical solution coincides considerably well with that of given by Eq. (40) at low 
energies phΩ<ω  and with the approximate solution (Eqs. (44) - (48), (52) for large energies. 
The Fig. 3 demonstrates the mass renormalization at low temperatures on whole energy interval. 
It is clearly seen from this Fig. that there is the change of the sign of the mass renormalization 
at phΩ≈ω . 
 We do not reproduce here the results of calculations for the superconducting state. They 
are not different from that of obtained for the homogeneous model because the superconducting 
energy gap ( )ω∆  is important only at considerably low energies ( )( ξω <<∆ ) and coincides with 
the solution for normal state for larger energies. 
 
                           4. Optical spectral weight in one-band model with EPI. 
 
  The spectral weight defined by the Eq.(15) can be rewritten in the form 
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ppp ξξδxxvv ( )
2
3
2
22 12)( ⎥⎥⎦
⎤
⎢⎢⎣
⎡
⎟⎟⎠
⎞
⎜⎜⎝
⎛
−
−=
b
b
b
xbx W
W
W
VNV ξ
π
ξξ                                  (54) 
which is directly connected with the representation of the density of states (Eq. (43)). The value 
of  2xV
  in Eq. (54) is determined as  22
3
1
mx VV =  where    is the maximal value of electron 
velocity in the band. Using the approximation (54) we obtain the spectral weight in the form 
mV
           ( ) ( )( ) ( ) ( )
( )
( ) ( )⎭⎬
⎫
⎩⎨
⎧
−
⎭⎬
⎫
⎩⎨
⎧
= ∫∫ ∞∞ ωωωωωωωωωωω gWN ZfdWgWN ZdWTW bbbbbbbb Im
~
6Im
~
3
0
2
2
0
2
2
                    (55) 
where 
8
)(~
2
222 pl
bbxb WNVe
ω
πω ==  and plω  is the electron plasma frequency for a given band. 
The first term of the Eq. (55) depends on the temperature only due to interaction electrons with 
phonons. The second term gives the Sommerfeld contribution to the spectral weight. Using the 
approximation of the elastic scattering  (Eqs. (47, 48, 52)), we can calculate the spectral weight 
exactly and obtain 
                                           ( )
( ) 2
22
2
3
22
221
~
21
~
b
bb
W
TTW π
β
ω
β
ω
+
−
+
=                                                 (56) 
It can be presented for a small value of β  as 
                                                    ( ) 2
22
2 2
1~
bbb W
T
W
TW π
ω
−
Γ
−≈                                                          (57) 
Using for ( )TΓ  even simplest estimation given by Eq. (39) one can see that the contribution 
related with relaxation rate (the second term in the right hand of Eq. (57)) becomes to be larger 
than the Sommerfeld contribution (the third term) when 
                                                           ( )
b
ph
ph W
T Ω≥
Ω
λα                                                               (58) 
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here  ( )λα  for the case of a strong EPI is the numerical coefficient of the order of the unity. Let 
us note also, that the spectral weight even at  is not equal 0=T
8
2
bω  and approaches to this value 
in the limit  only. ∞→bW
 Now we shall discus the temperature dependence of the spectral weight described by Eqs. 
(56), (57). The temperature dependence of ( T,∞ )Γ  depends on the details of the form of the 
Eliashberg spectral function . It is well known that temperature dependent part of ( ) ( )ωωα F2
( T,∞ )Γ  can be presented as  αT~  where 3≥α  at low temperature and at 
. It was shown in our preceding work
phT Ω≤ T~
phT Ω>>
13 that the temperature dependence of ( )T,∞Γ  at 
the interval of intermediate temperatures is very close to 2T  in a homogeneous electron gas. The 
rough notion about the temperature dependence of ( T,∞ )Γ  can be obtained from Figs. 4a and 
4b. These figures show the function  
                                ( ) ( ) ⎟⎠
⎞⎜⎝
⎛ΩΩ
−
Ω
−≈
Γ
−=
T
n
WWW
TTw EB
b
E
b
E
b
λ
π
λπ
2
11mod                                    (59) 
where  is the Bose function and Bn ( )TΓ  is the relaxation rate for the Einstein phonon spectra 
with phonon frequencies  (Fig. 4a ) and  (Fig. 4b ). We have used the 
EPI constant of coupling 
KE 200=Ω KE 400=Ω
5.1=λ  and W b ev2≈  for both cases. The curves demonstrate 2T  
behavior on the temperature interval  but they deviate from KTK100 200≤≤ 2T  behavior at 
low temperatures as it can be seen on Figs. 4a, 4b and at high T (which is not shown on Figs.). 
We would like to mentioned here that Fig. 4a reproduce very well the behavior of the optical 
weight obtained experimentally for the optimally doped BSCO in the work2 and the Figs. 4b 
reproduce well the results for the overdoped BSCO3. We do not like to claim that result is the 
single correct explanation of the date obtained in2,3. We would like only to emphasize that the 
mere explanation of the temperature dependence of   observed in( )TW 2,3  does not necessitate to 
involve any unusual or exotic mechanisms of superconductivity. The results presented on Figs. 
4a, 4b have been obtained to take in to account only the properties of normal state and very 
simple phonon spectra. We have performed the numerical calculations of   using 
mentioned above the more realistic phonon spectrum and the selfconsistent solution for the self-
energy
( )TW
( )ωΣ . The calculations have been done both for a normal and superconducting states and 
the results is shown on Fig. 5. In the total accordance with the discussion given in this work 
above the curves of  for the normal and superconducting states coincide with each other 
and cannot be discriminated on this Fig. The used phonon spectrum contains both phonon peaks 
at  and  and low temperature behavior of  can be easily changed 
by a redistribution of constant of the electron-phonon coupling between different peaks. The 
result for  obtained in the elastic scattering limit (Eqs. (47, 48, 52)) is also shown on the 
Fig. 5 and it coincides very well with that of given by the selfconsistent solution. We would like 
to emphasis that the real difference of the absolute values of these two curves smaller than 1%! 
( )TW
KL 200~Ω KH 400~Ω ( )TW
( )TW
 In the conclusion we shall discuss the results of numerical calculations of the temperature 
dependence of the restricted sum rule  for various cutoff energies  which are 
presented on Fig. 6. The functions  were calculated for a normal state only. For these 
calculations we have used the expression for the conductivity obtained by generalization of well 
known Nam’s formula
( TW c ,Ω )
)
cΩ
( TW c ,Ω
27 on a case of a finite band. The explicit form of this expression for 
normal and superconducting states will be presented in our following publication. We present on 
Fig. 6 the result of the numerical calculations of the dependences of on ( )TW c ,Ω 2T  for cutoff 
energies : 5; 100; 400; 1000; 2000; 5000 and 10000 (solid lines, from bottom to top, cΩ
1−sm
 10
correspondingly) and the calculations in the purely elastic scattering limit (see Eq. (57)) with 
( )TΓ  from Eq. (52) (dotted line). (The corresponding curves for =20000 are presented 
on Fig. 5). This Fig. shows that the 
cΩ
1−sm
2T  behavior of  exists only for  and the 
slope of this line decreases with the increasing of . It is in a good agreement with the result 
obtained in the work
( TW c ,Ω ) phc Ω>>Ω
cΩ
8 . In the area of the applicability of the elastic scattering approximation 
 this approach reproduces the exact curves with the asymptotic accuracy phc Ω>>Ω
1~
2
c
<<⎟⎟⎠
⎞
⎜⎜⎝
⎛
Ω
Γ  (not larger then 5%). These approximating curves  with the same 
accuracy can be presented by the simple formula  
( Tw c ,Ω )
( ) ( )
c
c
TTw
Ω
Γ
−≈Ω 21,  (see Eq.57). We can 
calculate also the spectral weight temperature coefficient  (see Eq.3) using the expression  ( cB Ω )
                                                       ( ) ( )( ) KT
c
pl
c T
TWB
150
2
2
2
,
~
1
=
∂
Ω∂
≈Ω
ω
                                            (60) 
The behavior  is presented on Fig. 7 where the results of our selfconsistent calculations 
are designated as open circles. Also the results of the asymptotical approximation for Einstein 
spectra with and (see Eq.(59)) is presented (solid lines) on this Fig. It 
can be seen that these curves are also very close to experimental data
( cB Ω )
)
KE 200=Ω KE 400=Ω
8. We would like to 
underline here that there is a large difference between the values of ( cB Ω  at small for the 
cases  and  in a large analogy with the results obtained in the work
cΩ
KE 200=Ω KE 400=Ω
8 for 
the overdoped and underdoped LSCO.  
 All these results allow us to assume that the types of the temperature dependence of 
spectral weight observable experimentally are determined by electron-phonon relaxation rate and 
connected, in fact, with the position of the phonon’s modes and constants coupling of electrons 
with these modes. Therefore these data cannot contain the relevant information on the 
mechanism of superconductivity in HTCP.  
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                                                    1. FIGURE CAPTION 
 
 
 Fig.1. Normalized functions ( ) ( ) ( )µbNzgzG /=  in one-band interacting system, bare 
band ( ) ( ) ( )µbbb NzgzG /=   and approximation (48), (52) for bWz /ω=  at . KT 200=
 Fig.2. Comparison of function ( )[ 1− ]ωω Z in one-band interacting system (solid lines) 
with corresponding functions for homogeneous electron gas (dotted lines) and approximation 
(49), (52) (open squares) at . KT 200=
 Fig.3. Mass renormalization function ( ) 1Re −ωZ  in one-band interacting system at 
. KT 10=
 Fig.4. The simplest approximation for optical spectral weight  (Eq. 59) for Einstein 
phonon spectra with 
modw
5.1=λ  and (Fig. 4a);  (Fig. 4b ).  KE 200=Ω KE 400=Ω
 Fig.5 .Normalized optical spectral weight in one-band interacting system (triangles) and 
approximation function (56), (52) (open circles). 
 Fig.6. Temperature dependences  in one-band interacting system (solid lines) 
and its elastic scattering approximations  (dotted lines) for cutoff energies : 5; 100; 
400; 1000; 2000; 5000 and  20000 (from bottom to top, correspondingly).  
( 2,TW cΩ ))
)
)
( 2c T,w Ω cΩ
1−sm
 Fig.7. Cutoff energy  dependence  in one-band interacting system (dashed line 
with open circles) and  for Einstein phonon spectra with
cΩ ( cB Ω
( cB Ω 5.1=λ , , and 
 (solid lines).  
KE 200=Ω
KE 400=Ω
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